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ABSTRACT 

Ths essumption that phonological processss support 
comprehension guided two experiments in manipulating the similarity 
of the consonant code both within silently reed sentences and betwesn 
these sentences and concurrently vocalized phreses. Ths first 
experiment examined whether tongue-twisters would take longer to read 
than phonetically "neutral" sentences (thoss containing e natural mix 
of phonemes). The second experiment examined whether the phonological 
ectivetion thet occurs in reeding is shersd by vocalization. For 
example, t fading e tongue-twister with many initial "t'i" end *d's" 
might be additionally impaired by vocelizing phreses with elveoler 
consonents, */&/* or Vt/." Rssults support ths assumption thet 
phonological processes ere involved in at leest some of the tesks o£ 
silent reeding. However, the leek of e consistent interaction between 
consonant vocelisetion and specific tongue-twister sentences did not 
support the hypothssis thet vocelisetion supprssses phonological 
codes used in reeding. The leek of specific interference between 
concurrent vocelisetion and the rseding tesk suggests thet these 
automatically ectiveted phonetic representetions ere not subvocel 
motor programs. In reading, concurrent vocelisetion may play a role 
similer to its role in mtmory. Thet is, it may impair reading not 
beceuse it interferss with phonological ectivetion, but because it 
requires capacity within a limited capacity cognitive system. 
(NOD) 
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The Visual Tongue-Twister Effect: Phonological Activation 
in Silent Reading 

Demhah McCutchen and Chahues A. Pehf^tti 

We inn the activation of ahoOBkrtcal infill inn inn deiiao iik in r eadiaa and refmrt Mo 
eaperiioeoU o>r*oaatrati*g a vtam ioogoe-twiiter effect. Judgment* of oteaofttte oc* 
otfMdWity took lo nge r for o en ic a c ee wbica r epea t ed mltiti co ne on on U or co n ipoaoi poire 
rfjflerioj only in tofcios euch a* /p> ond /b/ tinagnMwfrfc^K compiled with lunched 
pkoofticaMy "oeofraT " ■emewce* (tone eontoiwnj o natural mix of ptmemet >. In addition, 
coo o m tot votaKfariofi with a toofut*twtaer f&rase flowed performance, bat did not pro- 
doc* refiobte specific iokrference when toe vocslfcnfton pome repeated toe tome word- 
ionJal consonant (for efcanipfe* bilabial fpf) as toe sentences brine rend. We argue that tot 
looner reading times for toGfMe^wttteri if cubed br^terference due to toe simftarHy of toe 
phonetic representations ootoottikotty nrtwatod dufiog reading. Toe lock of ipechle inter- 
ference betwee n concurrent vocotitotioo ana reading tat* mpjtsti that these aulootstt* 
catty otffotMd phonetic representation* ore *m tubvocal motor profram* and that the 
concurrent vocoKzoUoo perndtjm h not oo opproi^riote method to cuantnc toe pooftotoffcaJ 
infoimptiuu mod during reading. 



At least tifice Huey s study of reading 
(19Q8/I9M), the rok of speech processes in 
sltem reading has been an active research 
issue. Much work has addiessed the plausi* 
baity of speech reooding prwr to lexwal ac- 
cess (Baron, 1973; Kletaan t 1975; Frederik- 
sen A KtoU t 1976; Barron A Baron, 1977; 
Coltbeait, Davetaar* Jonasson* A Besner 
1977; Oavelaart Cottheartt Besner, A Jonas* 
son, 197B; Meyer A Ruddy, Note 1), Result' 
have been mixed concerning this recoding 
issue (see McCuskcr, Hillinger, and Bias 
(1961) for a detailed review). However, it is 
possible thitt speech processes have their 
important rote tn skilled reading in auto- 
matic activation processes that are part of 
lexical access* but not necessarily prior to 
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petw. 15260. 



it. We have recently made thSs argument in 
some detail* suggesting how such activation 
processes might occur and bow they would 
support comprehension (Perfetti A Mc* 
Cutchen, in press). Automatic activation is 
difficult to demonstrate but there is tug* 
festive evidence from word vocalization 
tasks (Navon A Shimron, 198th ind back* 
ward visual masking research (Natsht 1980; 
Perfetti, Bei) A McCutcfcen* Note 2). 

On the other hand, there is evidence for 
the assumption that comprehension is sup- 
ported by phonological processes. For 
example* comprehension of sentences, as 
reflected in verification times, is reduced by 
concurrent vocalization (Kteiman* 1975) 
and by phonological confusions within a 
sentence (Baddeley A Hitch, 1974; Bad* 
deley A Lewis, 1981: Tseng. Hung, A 
Wang, 1977). However* concurrent vocali- 
zations interfere with comprehension only 
when a fairly precise comprehension is re- 
quired. Thus* following a series of studies* 
Levy (1975 t 1977, I97W reported tbat con* 
current vocalization interfered with mem- 
ory for wording but not for gist (Levy, 
I97K, Slowiaczek and Clifton (1980) added 



ERIC 



672 



1HE VISUAL TONGUE-TWISTER EFFECT 



673 



data to further modify this conclusion, 
showing that concurrent vocalization does 
interfere with comprehension, provided 
comprehension demands are gieat enough. 

General Assumptions of a Mtntel of 
Speech Processes in Skilled Reading 

Even in those studies which assume 
phonological activation occurs during 
reading, the codes involved in this activa- 
tion have not been explicitly described. It 
has been generally assumed IKIeimun. 
1975; Levy. 1977. I97&; Slowiaczck Jk 
Clifton. 1980> that concurrent vocalisation 
has its detrimental effect because speech 
mechanisms used in concurrent vocaliza- 
tion ate used implicitly in reading (hence 
the term "suppression" in reference to this 
paradigm). However, a model of speech 
processes in reading does not need to as- 
sume the operation of some general all- 
purpose "speech mechanism/" Neither 
must it assume that all vocalization inter- 
feres equally with reading, Instead, speech 
codes, bath those used in speaking and 
those used in reading, may be specific for 
speech segments or even features of ar- 
ticulation. Thus, if words in the sentence 
being read activate the same phonetic code 
repeatedly, interference could results Fur- 
thermore, if concurrent vocalization re- 
quires those same codes, then interference 
should increase as the items to be read be- 
come more phonetically similar to those 
being spoken. 

Testing these hypoihcses requires some 
assumptions concerning the nature of the 
linguistic codes and their role in the reading 
process. The following assumptions pro* 
vide a broad framework for a model, dis- 
cussed in more detail in Perfetii and 
McCutchen <in press). We assume that 
even when access to the lexicon is provided 
directly by the visual pattern of the printed 
word, a consequence of this lexical access 
is an automatic activation of some pho- 
nological features. This is not to suggest 
that the complete phonological representa- 
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tion of every word is activated. Such de- 
tailed phonological activation may require 
too much time to be a part of efficient 
reading,. Specifically, we suggest that 
phonetic specification may be incomplete 
ard biased toward the beginnings of words. 
In addition* since function words <e.&* de- 
terminers, prepositions, conductions) gen- 
erally work as syntactic coordinators, they 
may not require such elaborate representa- 
tion, neither semantically nor phonotogi- 
cally, Bradley (Note 3> had observed differ- 
ences between function and content words 
in other reading tasks, and w e intend what 
follows to apply only to the content words 
of sentences.. 

An abstract phonological representation 
containing information about the word- 
initial phoneme and general phonetic shape 
would be useful in reading, especially dur- 
ing the integration processes of comprehen- 
sion. Together with abbreviated semantic 
information activated during the iniiial ac- 
cess of the lexicon, word-initial phonetic 
information could provide a concise index 
by which to reaccess specific words, if that 
became necessary during comprehension. 
Such a specific lexical index helps in re* 
meving a name and examining its specific 
semantic aspects within the context of a 
given sentence, a process we refer to as ref- 
erence securing (Perfctti & McCutchen. in 
press). 

We assume that the codes used in the ac- 
tivation of these phonological repre- 
sentations include some consonant fea- 
tures, rather than merely vowel sounds. 
The consonant assumption is made for two 
reasons. First, consonants carry more lin- 
guistic information than vowels. That is* 
consonants more specifically identify words, 
so consonants would he jnore helpful in 
securing specific lexical reference. Second, 
consonants do not have the acoustic dura- 
tion that voxels do and so are more com' 
patible with the speed at which silent read- 
ing can occur. 

Finally, we assume that the consonant 
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code includes distinctive features of ar* 
ticulatkm. There is evidence that such fea- 
tures are part of memory for speech 
(Hiitttmafi, 1967; Wtckelgren, 1965* 1966) 
and alio cues for perception of fluent 
speech (Cole* JMcfmik, A Cooper, 1978). 
Other features, for example, voicing, might 
also prove important. 

These assumptions guided the two ex- 
periments reported below. The experiments 
manipulated the similarity of the consonant 
code both within silently read sentences 
and between these sentences and concur- 
rently vocalized phrases. The first manipu* 
lation results in visual tongue-twisters, that 
is, silently read sentences that repeat initial 
consonants across several words of a sen- 
tence^ The rationale of the visual tongue- 
twister is as follows. As each succeed* 
tog lexica! item is accessed* its abstract 
phonological representation is added to the 
others already stored in temporary mem- 
ory. The phonological representations of 
words from tongue-twisters should be sim- 
itar (especially at the important word- initial 
segment) and cause the kinds of similarity 
confusions often obseived in memory 
tasks., Thus tongue-twisters should take 
longer to read than phonetically "neutral* 4 
sentences (those containing a natural mix of 
phonemes). 

The second manipulation examined wheth- 
er the mechanism of the phonological ac- 
tivation that occurs in reading is shared by 
vocalization. If the specific phonological 
code required during the silent reading of 
tongue-twister sentences is occupied by 
vocalization, then the reading of tongue- 
twisters should be additionally impaired by 
concurrent vocalization of a phrase which 
repeatedly activates the same code. For 
example* reading a tongue-twister with 
many initial n and <Ts should be addition- 
ally impaired by vocalizing phrases with al- 
veolar consonants* iv or /d/„ 

Experiment 1 
The first experiment tested the tongue* 
Svv ter hypothesis and the additional ef- 



fects of concurrent vocalization. The tongue- 
twister hypothesis would be confirmed by 
longer acceptability judgments for sen* 
tences repeating a given wordnnttia) con- 
sonant, or place of articulation. The possi- 
bility of specific phonetic interference 
from concurrent vocalization was tested by 
varying the phonetic content of the concur 
rent vocalization phrase. This specific in- 
terference would show itself either as in* 
creased times to judge the sentences or as 
disfluencies in the articulation of the vo- 
calized phrase. To property evaluate pos- 
sible trade-offs in this dual task situation, 
both fluency on the vocalization task and 
performance on the sentence judgment task 
were measured. 

To assess the specific phonetic interfer- 
ence between vocalizing and reading, a 
"control" phrase was used. This phrase 
contained only vowels so as to control for 
the general effect of concurrent vocaliza- 
tion, regardless of the phonetic content. 
The performance of subjects vocalizing the 
vowel phrase was used as a baseline to test 
for any effect specific to the phonetic simi- 
larity between the consonant vocalization 
phrases and the word-initial consonants of 
the sentences being read* 

We assume the importance of phonetic 
codes jn reading is in aiding reaccess to 
specific words in memory. Accordingly, 
interference between codes activated dur- 
ing reading and those activated during vo- 
calization may increase as the reading com* 
prehension task becomes more demanding* 
Thus, reading longer sentences might pro- 
duce more interference than reading shorter 
sentences. The experiment also varied the 
length of the sentences to be read to test for 
an effect of memory load. 

Method 

Subjects* Subjects were 36 University of 
Pittsburgh undergraduates fulfilling class 
requirements. With the exception of ap- 
proximate counterbalancing according to 
sex* the 36 subjects were randomly as- 
signed to one of the three experimental 
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conditions. The conditions differed ac- 
cording to which phrase the subject was to 
vocalize during the reading task. One group 
of twelve subjects vocalized a phrase filled 
with the word*iititia! bilabial consonant ip 
wlule reading, a second group vocalized a 
phrase fitted with alveolar *\ and a third 
group vocalized the vowel phrase /a/, /if, 
/ai/, to/, /u/. 

Materials. The vocalization phrases, to- 
gether with sample sentences from the 
reading task are presented in Table 1 * Three 
sets of syntactically parallel sentences were 
constructed for the reading task. The par- 
allelism was achieved by abstracting the 
syntactic frame used in a sentence in one 
set and repeating it in a sentence in each of 
the other sets. For example, one syntactic 
frame was (ADJECTIVE + NOUN + 
VERB + PREPOSITION + ARTICLE + 
NOUNKThe sentence sets differed accord- 
ing to the nature of the word-initial conso- 



nants* One set of sentences repeated 
word'inittal bilabial consonants Ifbf or /p/h 
and one set repeated word-initial alveolar 
consonants </d/ or Wh A third set of 
phonetically "neutral" sentences contained 
a natural mix of word-initial consonants, 
excluding both bilabials and alveolar** 
Each semanttcaliy acceptable neutral sen- 
tence was a semantic as well as syntactic 
match to either an acceptable bilabial or al~ 
vcolar tongue-twister. That is, half the 
neutral sentences were paraphrases of bila- 
bial tongtte-twisters and half were para- 
phrases of alveolar tongue-twisters. 

Half of the sentences in each set were 
semanttcaliy acceptable, and half were not. 
Meaningless sentences were constructed by 
rearranging content words across sentences 
within a given consonant type.: Thus 
semantic anomalies were created while the 
meaningless sentences remained syntacti- 
cally parallel to meaningful, acceptable 



TAB LB 1 

EXSMfttSOt *.AI*MALS ExPfcHlMfctSlT I 



Vocalization phrases 
Sentences in reading task 

"ye*" 

"W 

"■ye*"" 



ye* 




Vowel. Ah e* I o <SJ 
Bilabial Puck a pair of purple pumpers. 
Alveolar Take a latHe of tender turtle 



Short 

Bilabul. Both hags were in the but 

Alveolar Twenty toys wete in the trunk 

Neutral Several games were in the chest 

Alveolar- Tiny totfet were in the trick 

Long 

Hilabttl The P*ess published I he poem and promitcd lopay 
fur permission 

Alveolar The detective discovered the danger and deckled 

to dig for detail-. 
Neutral The investigator found the hazard and chose to 

hunt for answers. 
Bilabraj The puppies puzzled the peninsula and processed 
to please for paper 
Mued The purpose of i**e play was to please 
Bilabial the brave pi j nee 

Mued The task of the tevice was to destroy the 
Alveofer. target territory 
Neutral: The intention of the fftn was to entertain 
the noble king- 
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sentences. Due to this procedure* mean* 
ingle ss sentences generally required seman- 
\ tic analysis to reach a "no" decision, but 
tome also contained a minor syntactic vio- 
lation. 

In addition, sentences were either short, 
three content words, or long, five or six 
content words. With all words counted, 
short sentences averaged six words and 
long sentences averaged ten words. 

Thus there were three sets of short 
sentences — one of bilabial tongue-twisters, 
one of alveola** tongue-twisters, and one of 
neutral sentences— and three set' of long 
sentences — one bilabial, one alveolar, and 
one neutral. Each of the six sets contained 
32 test sentences. 16 semantic;! J ly accept* 
able and i<* unacceptable. In addition u> the 
test sentences, there was a practice sei of 
24 sentences and three ■cad-in sentences t * 
begin earh test set. 

Two blocks of sentences were created: 
one containing all of the lung sentences and 
one containing all of the short sentences 
Order of presentation of the blocks was 
counterbalanced across subjects, In addi- 
tion, within each block the order trf ihe 
three sets of sentences — bilabial tongue- 
twisters, alveolar tongue-twisters, and 
phonetically neutral sentences— was coun- 
terbalanced following a I^ittn square drsign. 

Pitwetluitr. The subject s task was to 
read each sentence as it was presented on a 
CRT and. as quickly and accurately as pos- 
sible, prrss a button marked "yes" if the 
sentence ma<1c sense or one marked "no"* if 
if did not. The 24-sentencc practice file ac- 
quainted subjects with the procedure Pre- 
sentation of sentences was under control of 
a PDP 11/15 computer, which controlled 
displays and recorded response ttmes and 
errors. Response times were measures 
from the time the entire sentence came into 
view until the subject responded. The sub* 
jects began their vocalizations simulta- 
neous with their keyboard response which 
brought the sentence into view, The vocali- 
zations were recorded on a cassette re- 

O and scored for fluency, 
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Prior to the appearance of the first prac- 
tice sentence, subjects practiced the vocali- 
zation phrase in isolation, and during the 
practice trials subjects were instructed to 
develop a comfortable rhythm in articulat- 
ing the phrase. (This rhythm was used as a 
criterion for rhythm deviation tn later 
scoring of vocalization fluency. I The in- 
structions emphasized accuracy in the 
reading task as primary, but subjects were 
instructed to make their decisions as 
quickly as possible, as well as to fluently 
repeat their vocalisation phrase* 

Results (*f Experiment I 

In order to lake into account any trade- 
on; between reading speed and vocalization 
accuracy, analyses were done on both 
latencies and a combined score which re- 
flected the duat nature of the task (fluen- 
cy/latency) Data were analyzed in a 3 (vo- 
calization group) x 3 (sentence type) * 2 
t sentence length) analysis of variance, with 
the last two factors repeated measures. 

Latencies, Analyses of variance were 
done on response latencies for semantfcally 
acceptable and unacceptable items. Results 
for the semantically acceptable sentences 
arc more interpret able, because subjects 
were required to read the whole sentence to 
make an "acceptable" judgment. Early 
negative decisions were possible for unac- 
ceptable sentences Therefore, subject 
means of correct decision times for accept- 
able items of each sentence type and length 
are displayed in Table 2. 

The main result of interest was that 
tongue-twisters required more time to ver 
tfy than neutral sentences. The subject 
analysis of acceptable sentences revealed a 
main effect of sentence type. f(2,G6) = 
10,04./?- ,001. K planned orthogonal con- 
trast indicated that of the variance of 
the main effect was due to the difference 
between neutral sentences (2.90 seconds) 
and tongue-twisters O.08 seconds), FUM) 
= 19,25. p < ,01. For acceptable sentences, 
the tongue-twister effect was not significant 
in the item analysis F(2,90* « 1 .57, p = .2. 
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3.90 
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Short 


2-34 




2.42 


2.3S 




to** 


3.40 


3.56 


3.57 


3.5t 


Ah*ot» 


Short 




2JS 


1.35 


2.3t 




Lone 


3.14 


3.45 


3.41 


3.34 




6AM 


£90 


3.05 


3. tO 





However* fix unacceptable sentences the 
tongue-twister effect was significant in both 
the subject analysis, FC2,66) * 10.24, p < 
4)01, and the torn analysis* F<2.9©> * 7J3, 
p » .001. The difference between unac- 
ceptable tongue-twisters and neutral sen* 
tences accounted for 96% of the variance of 
the mak effect of the subject analysis. 

The subject analysis of acceptable sen* 
tracts also showed that long sentences rs- 
quired more time than short sentences. 3*38 
seconds compared with 2*45 seconds. 

» 187,55, p < .00!. This effect was 
also significant hi the item analysis, ftt t 90) 
- 185,10. /> < .001. For unacceptable sen- 
tences, the length effect was also signifi- 
cant, FU, 33) ■ 125.02 for the subject 
analysts* and F(L90> - 250.42.p < .001 for 
the torn analysts. 

There was some evidence of a sentence 
type x length interaction such that the 
length effect was larger is tongue-twisters 
than neutral sentences and the tongue- 
twister effect was reliable for long sen- 
tences only. For acceptable Hems, thii in- 
teraction was significant in the subject 
analysis* FOM) » 7.02* p < .Cl, out not in 
the hem analysis, F12,90) » 2.00. p « .14. 
However, for the unacceptable items, this 
interaction was not significant in either the 
subject analysis or in the item analysis. 

Vocalization group was not significant in 
either the sut^ect analysis of acceptable 
sentences. f<2.33» ~ 1.67. p * 2, or the 
'"His of unacceptable sentences. F < 1 . 
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However, the item analyses showed a main 
effect of vocalization group, both for ac- 
ceptable items, #^2,180* * 55.73, p < .001. 
and for unacceptable items, R2JS0) * 
Z7.46.p < .001. For the acceptable items, 
this effect was due to long times for the 
vowel vocalization group. For the unac- 
ceptable items, this effect additionally re- 
flected shorter times for the alveolar vo- 
calizing group. 

Dual task measure. While the subject 
analysis showed a tongue-twister effect, 
none of the analyses of latencies showed 
specific interference between the conso- 
nant content of the tongue-twisters being 
read and the consonant content of the vo- 
calized phrase* However, it was possible 
that processing trade-offs were occurring 
and that a dual task measure might provide 
evidence for specific interference between 
reading and vocalizing. The dual task ima* 
sure reflected both response times, as 
reported above t and the subject's vocal- 
ization which had been recorded on a 
cassette recorder and scored for fluency. 

This fluency wore reflected both dis- 
fluencies in the subject's articulation of the 
phrase and nonrhythmic pauses in articula- 
tion. The fluency score was derived by as- 
signing one of three possible points to the 
subject's vocalization during a reading trial. 
A vocalization trial was scored as 2 if it 
contained no disfluencies, as a 1 if it con- 
tained one dtsfiuency, and as 0 if H con- 
tained two or more, lntequdge agreement 
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of two judges in assignment of these scores 
was W&. 

The dual task measure was the ratio of a 
futyect's total fluency score during pre- 
sentation of a given sentence set to the 
mean decision time for that sentence set- 
As analysis of variance of this dual task 
measure (fluency /latency* showed some 
evidence of specific interference between 
the phrase the subject was articulating and 
the consonant content of the sentence he or 
she was leading. F<4,66> = 2.68. p < .05, 
To simplify the results of this analysis* 
Table 3 expresses performance on this 
measure as a ratio of performance on neu- 
tral sentences of a given length. The results 
are most simply seen in the overall sum* 
mary at the bottom of Table 3- In contrast 
to control subjects, bilabial subjects did 
distinctly worse on both lypes of tongue- 
twisters compared with neutral sentences. 
More suggestive is that alveolar subjects 
did significantly worse on alveolar sen- 
tences, in agreement with the specific in- 
terference hypothesis. 

Discussion of Experiment / 

The results of Experiment 1 demon- 
strated the visual tongue-twister effect. 
Before this can be accepted as a genuine 
phonetic effect, another explanation must 



be considered. This is the poasibffity tint 
test sentences differed in their tntrinifc sen- 
sibility and that the more sensible sentences 
were the neutral sentences. If so. the deci- 
sion time differences might reflect ultimate 
sensibility differences, not the effect of 
consonant repetition. This possibility can 
be rejected. First, each neutral sentence 
was carefully matched, semantical^ and 
syntactically, to a tongue-twister. Second, 
data on the meaningftttaess of the sentences 
were collected. An independent group of 
subjects rated each sentence for its mean* 
ingfutness on a five point scale. The vari- 
ance of each item on this meamngfittoess 
measure was tdcen to be an index of agree- 
ment concerning its acceptability. We con- 
sidered this variance measure more sensi- 
tive to jtcm differences than means across 
ratings, The nwan of these variance semes 
for neutral sentences was .26. for bila- 
bial tongue-twisters. .34, and for alveolar 
tongue-twisters, .69. This measure was 
used as a covartate in a new iter ^vari- 
ance analysts of latencies., The results 
of this analysts replicated the pattern we 
have reported for the item analyses of 
latencies. There was a significant tongue- 
twister effect for unacceptable items, 
tf2,fi9> « 5.94. p < .or and a nonsignifi- 
cant difference for acceptable items, with 
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of neutral sentences requiring 
leas time, F&m « 1.54, p * .2. 
Several questions remained* however 
1 Experiment L Of major importance 
the lack of specific interference for the 
These subjects showed only 
to general toojue-twister effect aad sou 
vocalization interference effect 
frith only one group of the subjects show* 
specific interference* and then only in 
the dual task measure, specific interference 
effects were much tit doubt. We also 
thought it necessary to replicate the 
toagye-twtster effect on an expanded set of 
hems and to demonstrate a consistent effect 
across items as well as subjects. These con* 
akferaions prompted Experiment 2. 

Expeium&ht 2 

The second experiment differed from the 
first in three ways. First* since the variance 
subject groups was large in Experi* 
I* vowel versos consonant vocaliza- 
tion waft made into a partially within 
subject (actor to the second study. Each 
autyect vocalized a vowel phrase and aeon* 
phrase and thus became his own 
control Second* the vowel phrase* which 
proved so difficult for subjects in Experi- 
ment |» was chanted from /a/* /i/* /at/, /of. 
/uf to a meaningful phrase ( i owe you an 
I.O*U/*>. This was done to reduce both 
memory load and interference from the 
famBtar phrase that name* the letters A* E. 
I, O* U. Finally, a third type of tongue- 
twister and its corresponding vocalization 
wen added. This addition involved the 
velar consonants* &i and With this ad- 
dition* there were three sets of tongue- 
twisters, as well a* three consonant vocafr 
Eatiofl groups within which to detect spe- 
cific interference. 

Method 

Subjects, Subjects were 49 University of 
^ttsburgft undergraduates fulfilling class 
equfeements. With the exception of coun- 
terbalancing according to sex* the 48 sub* 
acts were randomly assigned to one of 
O 



three experimental conditions, 16 in each. 
(Because the critical data depended on ac- 
curate sentence decision*, subjects with 
error rates over 25% wet replaced* This 
resulted in the replacement of 25 subject*, 
distributed rather evenly across the three 
conditions.) Each condition differed ac- 
cording to which consonant phrase the 
subject was to vocalize. Thus* there w.rt 
three subject groups: one focalizing the 
vowel and bilabial phrases* one vocalizing 
the vowel and alveolar phrases* and a third 
vocalizing the vowel and velar phrases. 

Materials. Four sets of 40 sentences were 
constructed, incorporating sentences from 
Experiment t when appropriate. Only sen* 
tences containing five or six content words 
were used. In one of the sets* each sentence 
contained five or six content wonts begin* 
ning with bilattal phonemes (fbf or /pft. An* 
other set was fitted with word-initial alveo- 
lar phonemes Mi or /t/)* and a thirtf with 
word-initial velar phonemes i/ff or /It/) The 
fourth sentence set contained phonetically 
neutral sentences with a natural mix of 
wont-initial consonants* excluding bi*abtal, 
alveolar* and velar consonants. The sen* 
tences were again constructed as syntactic 
parallels: a syntactic pattern used m one 
sentence of a given consonant set was re- 
peated in a sentence in each of the others. 
As in Experiment 1* half of the sentences in 
each set were semanticalty acceptable and 
half were not; Unacceptable sentences 
were constructed as in Experiment 1* inter- 
changing content words across sentences 
within a given consonant type. Syntactic 
acceptability was preserved as much as 
possible in the unacceptable sentences to 
ensure a semantic basis for the judgment. 
Each of the 20 acceptable phonetically 
neutral sentences was a semantic as well as 
a syntactic parallel to a tongue twister. The 
tongue-twister sets were represented as 
equally as possible in the set of matched 
neutral sentences: 7 of the acceptable neu- 
tral sentences were phonetically neutral 
paraphrases of bilabial tongue-twisters* 7 
were neutral paraphrases of alveolar 
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foggy twisters, and 6 were neutral pHn- 
phrases of velar tosqpftc-twtsters. Examples 
of the vocafc*frm phrases and semences 
wed ki Experiment 2 are presented in 
ftWe 4, 

The fair sets of 40 sentences produced a 
total of MO scaiewes. which were read by 
all subjects. These were presented in i*o 
Mock* of 00 sentences each. E*ch Mock 
contained 20 sentences (10 acceptable and 
10 tiaacccptabte) from the phonetically 
neutral set and 20 (tan each of the sets of 
tougue*twittcrs~-biiabtal, alveolar, and 
velar. Within Mocks, each sentence set 
begin with a lead-in sentence, and a prac* 
ike set of 21 sentences was constructed 
which preceded the experimental blocks 
during presentation. In order to make vo* 
cassation a withimsutgett variable, each 
satyect *aw one block of sentences whSe 
vocfiKrinc the vowel phrase and the other 
block while vocalizing the coascnan* 
phrase. In addition, order of presentation of 
the sentence sets * *thm Mocks was coun- 
terbalanced across subjects, following a 
Latin squaae design- Order of presentation 
of block and vocalization was also counter* 
balanced. Thus each ot the 48 subjects rep- 
resented a unique combination of conso- 
nant wcalizaltor. block order, vocalization 
order, and order of the sentence sets within 
each Wock (3*2x2*4). 

In order to evaluate the possibility of 
differences in intrinsic meaning of sen* 



fences wititta tod across sentence sets md 
to equate the blocks as Mich as potstb** 
the test seatmes were rated on a five point 
c o a ap r ehens ibaity scale by an independent 
group of subjects uadcr no time constraint 
TSese sutgnct* were instructed so rate a 
sentence as a 5 iftt made perfect scate. as a 
lif it was total nonsense, and as a 3 if they 
could not decide whether it made seme. 
(Very few sentences wvre rated as J. and 
tho*e thai were so rated were rewritten,* 
The vartaoce of each item on this mean* 
ingfelneu measure was again taken to be an 
index of agreement concerning its ac- 
ceptability. The mean of these variance 
scores for neutral sentences was .37 (Sf> » 
.39), for bilabial tooguc twisters. .54 (5£> » 
.30), for alveoUr M {SO - .43). and for 
velar, *49{S/> * .37). In an analysts of vart* 
anre. tongue-twisters were not different 
from neutral sentences. - L67.p 

** J8. Based on the* ratings, the two 
blocks of sentences were constructed so as 
to be approximately equal tn the numterof 
sentence* rated 5. 4, 2. and I thatlhey 
contained. 

Procedure. The procedure was the same 
as in Experiment 1. except that the subjects 
vocalized two phrases, one for the first 
block of 80 sentences, and a second phrase 
for the remaining block of 80 sentences. 
Half of the subjects vocalized the vowel 
phrase first, and half vocalized their conso- 
nant phrase (bilabial, alveolar, or velar) 
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first. Subjects read each sentence and 
judged its semantic acceptability, pressing 
the appropriate button as soon as a decision 
kad been made. Each subject's concurrent 
vocalization was recorded on a cassette 
recorder, and response latency as well as 
accuracy of the acceptability judgments 
were recorded by the computer. 

Results of Experiment 2 

Analyses were done on latencies, errors, 
fluency, and on the combined score de- 
scribed previously < fluency/latency) Ac- 
ceptable sentences were analyzed sepa* 
lately from unacceptable sentences, as well 
as combined. 

Latencies The results of interest from 
the analysis of reading speed were these: (1) 
tongue-twisters required more time to ver- 
ify than neutral sentences: (2) latencies 
were longer during vocalization of the con- 
sonant phrase than the vowel phrase: <3> 
there was no evidence of a specific interac- 
tion between consonant vocalization phrase 
(bilabial, alveolar, or velar) and tongue* 
twister sentence type. 

The tongue-twister effect was significant 
lit the subject analysis of acceptable and 
unacceptable sentences combined. FO.126) 
= 9.13. p <" .001. The comparison hetwecn 
tongue-twisters and neutral sentences ac- 
counted for 9*.6# of the variance of the 
main effect. F<1. 1261 = 27.01. p *" .01 + The 
tongue-twister effect was also significant in 
the analysis of acceptable sentences only, 
with 3.10 seconds required to judge accept- 
able tongue-twisters compared with 2.72 
seconds for neutral sentences. FOJ26I = 
13.06, p < .001. The comparison between 
tongue-twisters and neutral sentences ac- 
counted for 95% of the variance of the main 
effect. Ft LI 26) - 37J2. p < 01, The 
tongue-twister effect was also significant 
across hems, regardless of whether accept- 
able sentences were analyzed alone, F<3.72) 
* 7*58* p < .001, or combined with unac- 
ceptable sentences. F<3.152> = 7.09, p < 
.001.: In the analysis of unacceptable sen- 
b O jy* the tongue-twister effect was 



only marginal. Ft 3 J 26) « 2.33, 
(There was. in general, much more variabit* 
fry in the unacceptable sentences in the 
subject analyser, probably due to variable 
"exit rules** that allowed subjects to ter* 
ruinate processing when they read a seman- 
tic anomaly, regardless of its position in the 
sentence J 

Subject analyses also showed a signifi- 
cant effect of vocalization phrase. Judg- 
ments of acceptable sentences were longer 
during vocalization of the consonant phrase 
than the vowel phrase. 3J5 seconds com- 
pared with 2,87 seconds, Fi\A2) = 7.48. p 
< .01. The vocalization effect remained 
significant in the subject analysis of accept* 
able and unacceptable sentences combined. 
Fi 1 .42) ^ 4 60. p < .04. However, it failed 
to reach significance in the subject analysts 
of unacceptable sentences only, FU.42J *= 
1.60. p - .2. despite a )70*miilisecoiid dif* 
fcrcree between means. 

In none of the subject analyses was there 
a significant specific interaction between 
consonant vocalization and tongue-twister 
sentence type. F < 1 in all subject analyses. 
The item analysts of acceptable sentences 
also showed no interaction. F < 1, 

These results are summarized in Table 5, 
which displays subject means for accept- 
able sentences. The main effect of sentence 
type, the visual tongue-twister effect, is 
seen in row 4. The tongue-twisters required 
an average of 370 milliseconds longer to 
process than phonetically neutral sen- 
tences. 

Errors. In the subject analysis of errors 
on acceptable sentences, the tongue-twister 
effect was again significant. F43.126) = 
3.86, p - ,01. with the difference between 
tongue twisters and neutral sentences ac- 
counting for 55% of the variance of the 
main effect, F<1,126) * 6 37, p < 03, In 
this analysts, however, the vocalization ef- 
fect (vowel or consonant) was not signifi- 
cant, F < L 

Fiutncy. Since this measure is appropri- 
ate only in analyses of subject performance 
over entire sets of sentences, onJy a subject 
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analysis is reported. While the analysis of 
errors showed only a tongue-twister effect 
and no vocalization effect, the fluency 
analysts showed only a vocalization effect 
and no tongue-twister effect. F < h Sub* 
jects made fewer disfluencies during the 
vocalization of the vowel phrase than the 
consonant phrase. F(M2I = 29,75. p < 
,001, There was also a significant interac- 
tion between vocalization and order of vo- 
calization. tfl,42) :M,ft.p < ,04. such that 
vocalization of the vowel phrase showed 
even fewer disfluencies after practice with 
initial vocalization of the consonant phrase. 
Dual task measure., The analysis of the 
combined measure (fluency/latency) did not 
reveal specific interference from concur- 
rent consonant vocalization in any group. 
The pattern of results was unchanged from 
the latency analyses. The tongue-twister 
effect remained, Ftt .1 26)" II,09.p < ,001. 
with neutral sentences compared with 
tongue-twisters. F(U26) « 3i,08.p <,0J. 
accounting for 93% of the variance of the 
main effect, Also remaining was the vocali- 
zation effect* Ftl.42) = 10,08. p < ,003, 

Discussion of Experiment 2 

Experiment 2 confirmed the tongue- 
twister effect with all three sets of 
tongue-twisters and showed the robustness 
_ of the effect across subject and item 
q set. In order to farther test whether 



the tongue-twister effect was genuinely 
phonetic, we compared performance on 
the neutral sentences with the specific 
tongue-twisters wLn which they were both 
somatically and syntactically matched. 
This analysis was performed to- make cer- 
tain that those tongue-twisters whieh were 
not matched in meaning to a neutral sen- 
tence were responsible for the tongue* 
twister effect. This analysis of semantical!? 
matched items confirmed the tongue* 
twister effect,. Tongue-twisters requited a 
mean of 3,14 seconds to verify, while the 
matched neutral sentences required signifi- 
cantly less time. 2,84 seconds. F0.38) - 
6,39. p < ,02, 

Still another nonpho.jetic explanation 
could be offered for the tongue-twister ef- 
fect, Perhaps the repetition of the same 
grapheme in word-initial positions makes 
the sentence visually confusing* quite apart 
from its phonetic contents Some tongue* 
twisters did contain word»inittal repetitions 
of a stogie grapheme, for example, (t) The 
dark drifts of the desert were dry and dusty. 
However, others contained only word-initial 
repetitions of place of articulation with the 
graphemes more variable, for example. (2> 
The tired* dirty donkey turned toward the 
door. The voiceless velar /k/ provides ai\ 
interesting case, since it has three different 
spellings in English, The word-initial 
phoneme could, therefore, be repeated 
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while the graphemes changed, for example, 
(3) The curvtd claw* of the kitten were 
clean and quick. 

In order to examine whether the tongue* 
twister effect was due to phonetic repeti- 
tions or letter repetitions (as Baddeley and 
Lewis (1981) suggested), a post-hoc analy- 
sis of variance was performed on a subset 
of the items. Sentences with 100% of the 
content words containing the same word- 
initial phoneme and grapheme, such « (0* 
were compared with sentences containing 
content words with mixed initial graphemes, 
such as (2) and (3). The criterion for the 
mixed classification was that a maximum of 
three of the five or six content words (up 
to 60%) contain the same initial grapheme. 
According to this criterion. 46 of the 60 
tongue-twisters used in Experiment 2 were 
analyzed. The 14 sentences in which more 
than 60% but less than 100% of the content 
words began with the same grapheme were 
excluded from this analysis* so as to make 
the samc'grapheme and mixed-grapheme 
sets as different as possible. The difference 
between the mean latencies for the same- 
grapheme sentences (3- 1 1 seconds) and the 
mixed-grapheme sentences (2.97) was not 
significant, F < 1. 

The suggestion by Baddeley and Lewis 
(1981) that phonetic similarity effects are 
due to visual confusions iz in contradiction 
to our explanation of the tongue-twister ef- 
fect. In Baddeley and Lewis (1981) and 
other related experiments (Baddeley & 
Hitch* 1974)* phonetic similarity was ma* 
nipulated by repeating vowel -consonant 
pairs throughout a sentence* that is* sen- 
tences were filled with rhymes* Rhyming 
sentences required longer reading times in a 
semantic acceptability task. Baddeley and 
Lewis (1981) also found that counting aloud 
did not interact with rhyming-based phonet- 
ic similarity in either latencies or errors. 
They concluded that the phonetic similarity 
effect was due not to phonetic repetition 
but to ritual repetition in the sentences 
containing rhymes. They found support for 
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this conclusion in correlations (r - .6) be- 
tween sentence judgment times and a visual 
repetition measure based on the number of 
repeated digrams in a sentence. 

While our comparison of same-grapheme 
and mixed'gr&phcme tongue-twisters did 
not show a significant difference between 
the two types* there was a difference in the 
direction predicted by the visual confusion 
hypothesis. We further assessed visual 
similarity in a manner comparable to Badde- 
ley and Lewis (1981). The number of re- 
peated digrams was counted in each of the 
acceptable sentences from Experiment 2. 
Following Baddeley and Lewis (1981) this 
digram count included all the graphemes in 
a word (not only word-initial graphemes) 
and all the words in a sentence (function as 
well as content words). Since sentence 
length is correlated with reading time* each 
sentence's digram count was corrected tor 
sentence length by dividing the number of 
repealed diagrams by the number of words in 
the sentence. The corrected digram score 
for each sentence was then correlated with 
the average reading time for that sentence- 
For all sentences* this correlation was not 
significant* r = ,18* p - *tl* For the 
tongue-twisters separately* this correlation 
was zero* r = *03* whereas for the neutral 
sentences separately* it was modest and in 
the direction predicted by a visual hypothe- 
sis, r = .40*/* * .08. Thus whatever modest 
effect there was* due to digram repetition* it 
was clearly not responsible for the tongue- 
twister effect. We conclude that our ef- 
fect is phonetic. 

A significant difference between the 
present experiments and those of Baddeley 
and Lewis (1^80 may partly account for the 
differences in the role of visual similarity. 
Baddeley and Lewis (1981) used rhymes 
which contained repetitions of vowel -con- 
sonant pairs and which were often repre* 
sented by the same grapheme pair. Our 
tongue-twisters* however* repeated word' 
initial phonemes only* sometimes varying 
the grapheme— id or /k/— and often repeat* 
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ing place of articulation only* not the 
phoneme— /t/ and /d/, Tor example. While 
our tongue-twister effect is not due to graph* 
eme repetitions, tk source of the similarity 
effect observed in rhyming sentences by 
Badddey and Lewis (1981) and Baddelcy 
and Hitch (1974) remains unclear. 

General Discussion 

The visual tongue- twiste r effect supports 
the assumption that phonological processes 
are involved m at least some tasks of silent 
reading. However* the lack of a consistent 
interaction between consonant vocalization 
and specific tongue-twister sentences does 
not support the hypothesis that vocalization 
"suppresses" phonological codes used in 
reading. By this hypothesis the vocalization 
of a phrase repeating word-initial alveolar 
phonemes* for example* should cause spe- 
cific impairment of performance on 
tongue-twisters with repeated word-initial 
alveolar consonants. There was no evi- 
dence of such specific impairment in Ex- 
periment 2. In Experiment I, one of the two 
consonant vocalization groups showed spe- 
cific interference* but only on the combined 
measure (fluency/latency). At this point* 
then* only one group out of five has shown 
a statistically significant interaction, and 
none in reading times Uone. 

These results raise some interesting 
questions, We have argued that the visual 
tongue-twister effect reflects phonological 
processes specific to the phonetic content 
of the words being read* especially the 
word-initial place of articulation. On the 
other hand* there is no evidence that spe- 
cific phonetic interference is produced by 
vocalizing, We are left with two theoretical 
choices in explaining this pattern of results, 
One is that our hypothesis that silent read- 
ing involves specific phonetic processes is 
incorrect, The second is that the concurrent 
vocalization task does not tap the specific 
speech processes important in silent read- 
ing, We will argue that the latter is the cor- 
rect conclusion. First, we will briefly re- 
Q tine our hypothesis that silent reading 
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activates specific phonetic information, or 
what we will call the code assumption. 

The Code Assumption and the 
Tongue-Twister Effect 

There is certainly no claim that word* 
initial consonants are the only part of the 
phonetic code in silent reading* We did as* 
sume, however, that such consonants are 
an important part of the code. Relative to 
vowels, consonants are high in information 
value and they have discrete linguistic 
value as opposed to the strictly acoustic 
value thai vowels have,. And* relative to 
medial segments* initial segments are 
highly informative and likely to be activated 
during lexical access. The visual tongue- 
twister effect does suggest that speech pro- 
cesses in reading may include this sort of 
code information* Sentences containing 
specific phoneme or place repetition re* 
quired more time to read silently*; We have 
argued that this difficulty may result from 
confusions and reprocessing during the 
securing of specific lexical references. (See 
also Perfetti and McCutchen, in press.) In 
temporary memory* the abstract and ab- 
breviated phonemic representation that is 
sufficient to distinguish one word from an- 
other in normal phonemtcally mixed sen- 
tences is not sufficient in tongue-twisters. 
Since all the content words of tongue- 
twisters begin with the same consonant 
(or with consonants sharing place of ang- 
ulation)* their abstract phonological repre- 
sentations—which are automatically acti- 
vated—are similar* especially at the impor- 
tant word-initial segment. Interference thus 
results, In order to perform the sentence 
reading task* subjects must reprocess the 
words and obtain more complete word in- 
formation from memory. 

An essential feature of our hypothesis is 
that the speech processing effects in silent 
reading include automatic processes* not 
easily subject to control. We can offer no 
empirical proof of this assumption* How- 
ever* if this assumption is correct* some of 
the apparent discrepancy between the 
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positive tongue-twister results and the 
negative concurrent vocalization results is 
explained, as we suggest below. 

What Does Vocal Suppression Suppress? 

The concurrent vocalization paradigm is 
based in port on the assumption that overt 
vocalization interferes with covert phono- 
logical activation, or "recoding/* and im- 
pairs reading to the extent that this re- 
ceding is necessary in the reading task. 
Tilts is why failures to find Mich interfer- 
ence effects is taken as evidence against 
phonological processes in reading (Badde- 
ley & Lewis, m\: Levy, 1978). This as- 
sumption stems, at least in part, from the 
detrimental effect that overt vocalization 
was found to have on performance in 
short-term memory tasks (Murray, 1968). 
However, the data from the studies pre- 
sented here suggest that the vocalization ef- 
fects evidenced in reading tasks are qual- 
itatively different from those short-term 
memory tasks. 

The tongue-twister effect suggests that 
phonological information is activated dur- 
ing silent rending, even when it hinders 
performance. This activation appears to be 
automatic, rather than strategic,: If pho- 
nological activation were an optional strat- 
egy, one would think that subjects would 
have abandoned it when faced with phono- 
logically confusing sentences and dealt 
solely with the meaning of the sentences. 
Our subjects were not aote to abandon their 
phonological "strategy," as it is often 
called (Barron, 1981: McCusker et *]., 
1981). The activation of phonological in- 
formation, we suggest, is not a strategy or 
at least not an easily controlled one. In- 
stead, it may be a process automatically 
activated during silent reading, at least in 
reasonably skilled adults.* 

This automat kit y may be the difference 
between the phonological information acti* 

1 We have recently feplictted the ;ongue*twwter ef- 
fect in bolh sfctttcd and skilled fourth-grade read* 
ere in an experiment that controlled visual wntlanty 
hv alternating upper and k>*er case between worth. 



vated during reading and the recoded 
phonological image used during rehearsal in 
memory tasks. This difference may explain 
the effects that concurrent vocalization has 
in reading compared with short-term mem- 
ory tasks. Full phonological recoding of the 
sort employed in memory tasks is an op- 
tional rehearsal strategy that may or may 
not be abandoned, according tc task de- 
mands. Concurrent vocalization encour- 
ages its abandonment. When subjects must 
simultaneously vocalize during a reading 
task, they cannot subvocally rehearse 
items, and phono togkatly similar items no 
longer produce more errors (Murray, 1968). 
By contrast, concurrent vocalization did 
not eliminate phonological confusions in 
the present studies nor in previous reading 
studies employing phonologtcally similar 
material (Baddeley & Hitch, |974; Badde- 
ley & Lewis, 1981). It should be noted, 
however, that in Murray's (1968) memory 
task, the effect of concurrent vocalization 
was to decrease recall of the phonemically 
nonconfining list to the low level of recall 
of the confusing lists. This is consistent 
with the idea that rehearsal and vocaliza- 
tion are sharing a limited articutatory mem- 
ory resource, not a specific phonetic pro- 
cess. 

In reading, concurrent vocalization may 
play a role similar to its role in memory. 
That is. it may impair reading* not because it 
interferes wi;h phonological activation, but 
because it requires capacity within a limited 
cafwiiy cognitive system. Waters (Note 4) 
has investigated this question by equating 
the effects of verbal and nonverbal second* 
ary tasks on simple nonreading baseline 
tasks and then comparing their effects on 
reading. She has demonstrated that concur- 
rent vocalization tasks interfere with read- 
ing only insofar as they make additional 
processing demands. There was no specifi- 
cally verbal interference in her expert* 
ments. Baddeley and Lewis (]98|), on the 
other hand* indicated that counting reduced 
accuracy on their reading task, while tap- 
ping* a nonverbal task, did not. However, 
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is Waters* research demonstrates, it is dif- 
ficult to compare the specifically verbal in* 
terfereoce caused by two very different 
secondary tasks without assessing their 
general processing demands. 

If, as we suggest, concurrent vocalizing 
has its effect through increasing resource 
demands, then the phonological activation 
of fending should be less vuiventMc to re* 
source limitations insofar as it is ''auto- 
matic" (Schneider A ShK&in. 1977; Shiffrin 
A Schneider. 1977). If it is an automatic 
part of lexical activation, it should show no 
effect due to concurrent vocalization. This 
is what our experiments demonstrate. 

Others have proposed this distinction 
between assumedfy phonological processes 
that are vulnerable to suppression by con- 
current vocalization and those that are not 
affected. Similar distinctions have been 
made by Baddeley and Lewis (1981) and 
Besner. Davics. and Daniels (1981) from 
their examinations of the effects of concur 
rent articulation on bomophony and rhyme 
decisions. Our interpretations do. however, 
differ from those offered by either, in two 
important ways: First, that activation of 
phonological information is an automatic 
by-product of lexical access, not necessar- 
ily a route to lexical access; second, that 
any observed suppression effects may be 
due not to interference with specific speech 
mechanisms, but rather to more general ca- 
pacity drains, as Waters (Note 4) argues. 

Finally, it may be helpful to think of 
phonological activation as a continuum, 
with the automatic activation which occurs 
upon lexical access falling at the low end of 
the activation continuum and resource- 
demanding rccoding of the sort involved in 
rehearsal falling at the high end. Concurrent 
vocalization may be noticeably disruptive 
only for processes requiring the highest 
levels of phonological activation, such as 
rehearsal, since these processes also re* 
quire cognitive capacity (see Perfetti & 
McCutchcn, in press, for a more detailed 
discussion), By this capacity interpretation, 
Q'^y of the conflicting results from sup- 

eric 



pression studies can be attributed to the j 
difficulty &t the secondary tasks, not to I 
modality specificity as has been aligned { 
(Levy, 1977* 1978), It makes sense, by this 
capacity interpretation, that Baddeley and 
Lewis (1981) found that counting form one 
to six did not interfere with rhyme judg- 
ments, while Kidman (1975) found that a : 
more difficult task such as digit shadowing : 
did produce interference. The capacity in- 
terpretation of concurrent vocalization ef- 
fects entails rejecting vocalization tasks for 
isolating specific speech processes during I 
reading (see also Waters. Note 4.) . J 

In summary* we have suggested that the ] 
visual tongue* twister effect demonstrates 
that phonological activation occurs in \ 
reading sentences and that specific phone- j 
mtc features are part of what gets acti- 
vated. Because of the tack of specific in- j 
terference of concurrent vocalization, we 
have also suggested that concurrent vocali- 
zation has its effect on processing resources 
but not on automatic phonological activa- 
tion. This suggestion, which now has evi- j 
dence (Waters. Note 4). eliminates rouch of 
the difficulty in interpreting concurrent 
vocalization effects that has arisen Hi the 4 
research on speech in reading. 
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